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ABSTRACT 

Problem  Statement:  Shis  paper  attenpts  to  quantify  the  contribution  of  the 
It -10  to  Air  Force  warfighting  capabilities.  Shaipethods  used  in  the  study 
included  a  computerized  HZ -10  flight  planning  model  and  the  Air  Force  mission 
area  analysis  multi-attr ibute  utility  computer  model.  The  study  was  limited 
to  general  purpose  force  support  because  of  the  inability  of  the  HZ-10  to  with¬ 
stand  the  effects  of  a  nuclear  explosion.  t< 

Findinqs/Conclusions : 

>(  1.  The  multi-attribute  utility  models  are  good  methods  for  quantifying 
contributions  of  a  single  element  in  a  multi-element  force. 

2)  A  force  of  68  IC-lOs  can  provide  a  capability  to  deploy  and  sustain  a 
typical  tactical  fighter  wing  including  C-5  and  C-141  supply  logistic  support. 

3^  Computer  support  is  essential  to  handle  a  large  model.  ^ 

Recommendations : 

1.  She  capabilities  and  deficiencies  of  the  HZ-10  must  be  continuously 
updated  and  redefined  to  optimize  the  contribution  of  the  HZ-10  to  Air  Force 
combat  readiness.  ^ 
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EXECUTIVE  SUMMARY 


The  tC-IO  was  purchased  to  provide  the  Air  Force  with  a  large  air  refueling 
tanker  aircraft  that  also  possesses  an  outsized  cargo  carrying  capability. 

The  requirement  for  an  aircraft  like  the  FC-10  grew  out  of  the  shift  away  from 
forward-based  combat  forces  to  CONUS-based  combat  forces  that  can  be  rapidly 
deployed.  The  shift  to  CONUS-based  forces  has  placed  a  heavy  burden  on  air 
refueling  and  cargo  airlift  capability.  Because  of  ever  increasing  needs  for 
both  tactical  fighter  air  refueling  and  now  for  airlifter  refueling  in  the  re- 
fuelable  C-141B  and  the  C-5A,  the  FC-10  was  optimized  for  the  tanker  role 
rather  than  the  airlift  of  cargo.  However,  the  contribution  of  the  FC-10  as 
an  air  refueling  tanker  needs  to  be  adequately  quantified. 

In  order  to  quantify  the  contribution  of  the  FC-10  toward  executing  the 
Air  Force  mission,  a  hierarchical  multi-attribute  utility  model  was  con¬ 
structed.  Analysis  of  the  model  was  done  on  the  computer  program  developed  by 
National  Defense  Decision  Systems  and  by  the  Headquarters,  Air  Force  Mission 
Area  Analysis  Tree  Processor  computer  program.  The  FC-10* s  air  refueling  capa¬ 
bilities  were  analyzed  in  NATO,  Southwest  Asia,  and  Pacific  operating  theaters 
against  F-4Es,  F-15s,  F-llls,  B-52s,  E-3As,  C-141BS,  and  C-5As.  In  analyzing 
the  air  refueling  requirements  for  these  aircraft,  a  FC-10  computer  flight 
plan  was  used  to  determine  the  number  of  FC-lOs  that  would  be  needed  to  deploy 
the  various  types  of  receiver  aircraft  to  the  three  operating  theaters.  (See 
Chapter  IV,  page  20  for  receiver  to  tanker  ratio.) 

Using  the  Air  Force  Mission  Area  Analysis  and  FC-10  conputer  flight 
planning,  a  deployment  of  a  four-squadron  F-15  wing,  an  F-lll  squadron,  twelve 
B-52s,  and  supporting  E-3A  aircraft  and  airlifters  to  Southweat  Asia  was 
analyzed.  Analysis  showed  that  the  entire  fleet  of  68  FC-10  A  aircraft  would 
be  required  to  deploy  the  units  involved  and  provide  a  portion  of  the  first 
day's  airlift.  Thirteen  FC-lOs,  plus  spares,  would  be  required  to  provide 
daily  refueling  support  for  resupply  airlifters.  Additional  FC-lOs  would  be 
required  to  deploy  replacement  aircraft.  Because  one  theater  of  operations 
utilizes  all  or  a  portion  of  the  proposed  fleet  of  FC-lOs  for  the  deployment 
and  resupply  missions,  the  employment  air  refueling  tasks  would  be  handled  by 
FC-135s.  Simultaneous  operations  in  other  theaters  and  withholding  tankers  to 
support  strategic  nuclear  bombers  would  also  exacerbate  the  demand  for  air 
refueling  tankers. 

While  this  study  is  by  no  means  exhaustive,  the  trends  toward  air  refuel¬ 
ing  remaining  the  primary  mission  of  the  FC-10  seem  clearly  demonstrated,  and 
the  design  of  the  aircraft  was  correctly  optimized  for  the  air  refueling 
mission.  Multi-attribute  utility  theory  seems  well  suited  to  quantifying  air 
refueling  contributions  to  accomplishing  Air  Force  missions,  and  additional 
studies  are  reccrrnvended. 
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CHAPTER  I 


AIR  REFUELING:  THE  tC-10  CONNECTION 


The  first  significant  operational  use  of  air  refueling  occurred  during  the 
first  week  of  January  1929,  when  a  U.S.  Army  Fokker  C-l  monoplane  was  kept 
aloft  for  over  six  days.  The  Fokker  C-l  was  called  the  Question  Mark,  and  its 
mission  objective  was  to  set  an  endurance  record.  The  flight  took  place  on 
the  coast  of  California  between  Santa  Monica  and  San  Diego.  The  mission  was 
terminated  near  Burbank  when  one  of  the  Fokker' s  three  engines  failed  after  a 
flight  time  of  150  hours  and  40  minutes.  The  air  refueling  for  the  Question 
Mark's  misson  was  handled  by  a  Fokker  C-2  single  engine  biplane.  The  Question 
Mark  was  refueled  43  times  (nine  times  at  night)  for  a  total  refueling  time 
(coupled  flight)  of  five  and  one-half  hours.  The  refueling  apparatus  was  a 
fire  hose  borrowed  from  a  local  fire  station  and  was  lowered  by  hand  from  the 
tanker  to  the  receiver.  In  all,  5,660  gallons  of  aviation  gas  and  245  gallons 
of  oil  were  transferred. 

From  that  fragile  beginning,  the  next  significant  use  of  air  refueling  had 
to  wait  until  after  World  War  II,  when  the  fledgling  Air  Force  used  it  to 
demonstrate  a  round-the-world  flight  using  B-29s  both  as  tankers  and  receivers. 
This  mission  still  used  flexible  hose,  which  was  grappled  onto  by  the  receiver 
aircraft  and  winched  into  place.  This  was  a  very  inefficient  fuel  transfer 
system  and  could  only  be  used  in  daytime  and  in  clear  skies.  As  the  strategic 
bomber  and  the  atomic  bomb  came  together,  additional  range  was  needed  to  give 
the  new  Strategic  Air  Command  intercontinental  range.  Starting  with  KB-29s  as 
tankers,  new  refueling  equipment  was  designed  to  handle  large  fuel  flow  rates. 
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maneuvered  into  a  receptacle  on  the  receiver  aircraft  while  the  two  aircraft 
were  flown  in  close  formation,  the  tanker  in  front  of  and  aoove  the  receiver 
aircraft.  This  concept  is  still  in  use  today. 

The  first  post  World  War  II  tankers  were  developed  from  the  3-29,  tne 
B-50,  and  the  C-97.  These  were  all  propeller-driven  aircraft  and  offered 
limited  capability  as  tankers.  In  the  same  years,  bomber  technology 
progressed  from  the  propeller-driven  B-50  to  the  six  jet-engined  B-47  and  the 
eight  jet-engined  B-52,  which  is  still  in  use  today.  The  benefits  of  the  jet 
engine  were  quickly  recognized  by  the  air  transport  designers  and  General 
Curtis  LeMay,  CINZSAC,  and  Boeing  adapted  the  Boeing  707  airliner  into  a  jet 
tanker,  the  KZ-135. 

At  the  outset,  the  concept  of  refueling  bombers  was  separate  from  that  of 
refueling  fighters.  The  KZ-135  was  optimized  for  use  with  the  B-52,  and 
Tactical  Air  Conmand's  fighter  refueling  requirements  were  of  secondary 
importance.  The  decision  to  optimize  the  KZ-135  for  the  B-52  also  dictated 
the  KZ-135  fleet  size.  The  boom  and  receptacle  refueling  equipment  decision, 
while  good  for  large  aircraft,  was  less  than  optimum  for  fighter  aircraft. 

Air  refueling  requirements  have  increased  over  the  years  to  the  point  where 
airlifter  and  fighter  aircraft  requirements  comprise  over  half  the  total  air 
refueling  mission  of  the  Air  Force.  The  offload  capacity,  range,  and  limited 
modernization  of  the  HZ-135  have  not  kept  pace  with  the  increasing  air 
refueling  needs. 


The  range  and  offload  limitations  of  the  rC-135  were  dramatically  evident 
in  the  1973  Arab-Israeli  war  when  landing  and  overflight  rights  were  denied  to 
Military  Airlift  Command  transports.  Using  tnis  real-world  data,  Head¬ 
quarters,  Air  Force  and  Strategic  Air  Command  planners  outlined  to  industry 
the  requirements  for  an  aircraft  that  (1)  can  handle  the  offload  requirements 
of  large  aircraft  such  as  the  C-5,  (2)  are  able  to  deploy  tactical  fighter 
units,  including  some  of  the  deploying  unit's  cargo,  and  (3)  are  cornpatible 
with  receiver  aircraft  that  use  boon  and  receptacle,  as  well  as  receiver 
aircraft  with  probe  and  drogue  air  refueling  equipment. 

The  two  aircraft  proposed  by  industry  were  the  Boeing  747-200  and  the 
Douglas  DC-10-30.  Both  aircraft  met  the  requirements.  The  choice  had  to  be 
made  on  life  cycle  cost,  and  a  contract  was  signed  in  December  1978,  with 
McDonnell  Douglas  for  the  DC-10-30  convertible  freighter  modified  for  use  as  a 
tanker.  The  major  modifications  of  the  DC-10-30CF  converting  it  to  a  military 
tanker  configuration  are: 

1.  Fitting  the  lower  cargo  deck  with  seven  integral  fuel  cells  which  add 
117,500  pounds  of  fuel,  bringing  the  total  fuel  up  to  356,000  pounds. 

2.  Installing  a  boom  operator's  compartment  in  the  lower  aft  fuselage 
with  seated  operators  rather  than  the  reclining  operators  found  in  the  HZ-135. 

3.  Fitting  an  improved  air  refueling  boom  and  a  separate  hose-reel  and 
drogue  refueling  system. 

4.  Adding  an  in-flight  refueling  receptacle  to  make  the  tanker  itself  air 
refuelable. 

5.  Increasing  the  DC-10  cargo  handling  system  capability. 


6.  converting  the  avionics  to  military  standard  configuration  and  adding 
an  airborne  tactical  air  navigation  (T&CAN)  station  to  aid  in  airborne 
rendezvous  between  tankers  and  receivers. 

7.  Eliminating  windows  as  a  cost  reduction  measure. 

8.  Providing  airline  passenger  configuration  for  20  persons  with 
provisions  for  additional  palletized  seating. 


The  capabilities  of  the  new  tanker,  now  called  the  K3-10,  at  590,000 
pounds  gross  takeoff  weight  and  350,000  pounds  of  fuel  at  liftoff,  can  best  be 
appreciated  by  comparison  with  the  K3-135.  A  KZ-135,  at  290,000  pounds  gross 
takeoff  weight  and  180,000  pounds  of  fuel  at  liftoff,  can  deliver  100,000 
pounds  of  fuel  at  1,000  nautical  miles  (nm)  and  return  to  its  base.  A  fC-lOA 
can  deliver  a  100,000  pound  offload  out  to  4,300  nm  and  return,  or  it  can  de¬ 
liver  255,000  pounds  out  to  1,000  nm  and  return. 

The  capabilities  of  the  EC -10  are  two  to  three  times  that  of  the  NZ-135. 
Hie  challenge  for  operations  planners  is  to  develop  employment  concepts  that 
take  maximum  advantage  of  the  K3-1Q.  Mission  area  analysis  is  a  method  that 
attempts  to  quantify  the  contribution  of  the  fC-10  to  Air  Force  operations 


CHAPTER  II 

MULTI -ATTRIBUTE  UTILITY  MODELS 

Air  Force  Mission  Area  Analysis  is  a  multi-attribute  utility  (MAU) 
computer  model  adapted  from  the  works  of  Dr.  Thomas  L.  Saaty  and  others.  They 
developed  an  analysis  method  in  which  a  course  of  action  or  a  decision  can  be 
chosen  from  among  various  options  by  systematically  analyzing  sub-elements  of 
the  various  options  and  by  determining  how  they  contribute  to  the  overall 
effectiveness  of  each  option.  The  effectiveness  of  each  option  is  ranked,  and 
the  best  option  can  be  selected.  The  benefit  of  the  method  is  that  many  sub¬ 
elements  and  options  can  be  handled  easily  and  logically,  and  the  results  are 
quantifiable  and  can  be  examined  and  redefined  at  any  level  at  any  time. 

In  general,  MAU  models  are  developed  using  five  basic  steps:  (1)  breaking 
the  problem  into  its  structured  elements,  (2)  defining  element  relationships, 
(3)  establishing  element  boundaries,  (4)  developing  element  effectiveness 
curves,  and  (5)  determining  element  weights.  It  is  important  also  to  note 
that  this  process  is  iterative  and  must  be  redone  as  new  element  information 
becomes  known. 

The  first  step  is  to  break  the  system  into  its  basic  elements.  The 
elements  are  then  arranged  in  a  hierarchical  structure.  The  use  of  scenarios 
in  structuring  the  model  is  vital  to  keeping  the  problem  manageable  and 
realistic.  Accordingly,  the  scenarios  must  be  appropriate  to  the  problem 
being  evaluated.  This  is  a  subjective  decision  based  on  expert  opinion.  The 
remaining  steps  define  how  the  sub-elements  interact  and  combine  to  form  the 
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total  capability  of  the  system.  Generally,  sub-elements  combine  in  one  of 
three  ways: 

1.  The  additive  rule.  If  the  various  suo-elements  of  an  element 
independently  change  the  value  of  the  element,  then  the  total  worth  of  the 
element  is  the  sum  of  the  value  of  the  sub-elements. 

2.  Hie  multiplicative  rule.  This  rule  is  used  when  the  value  of  the 
element  is  zero  when  the  value  of  any  one  of  the  sub-elements  is  zero.  In 
other  words,  the  performance  of  the  sub-elements  is  linked  such  that  a  degrade 
of  one  sub-element  cannot  be  overcome  by  improving  the  performance  of  another 
sub-element. 

3.  Other  combination  rules.  Other  rules  may  be  needed  to  describe  the 
relationships  within  the  model.  One  possible  combination  is  an  either -or 
relationship  where  an  element  achieves  its  maximum  effectiveness  when  any  one 
sub-element  attains  its  maximum,  but  the  element  achieves  its  minimal  effec¬ 
tiveness  only  when  all  sub-elements  are  at  a  minimum  effectiveness. 

The  remaining  quantitative  steps  are  also  iterative  and  involve  developing 
effectiveness  curves  and  weights  for  each  element.  Hie  use  of  effectiveness 
curves  quantifies  the  spectrum  of  effectiveness  of  each  element  instead  of 
having  a  subjective  evaluation  in  terms  of  acceptable  or  unacceptable.  The 
most  common  quantification  method  is  assessment  by  experts  of  the  element's 
performance  in  an  environment,  in  a  scenario,  or  against  a  design  goal.  Hie 
performance  is  expressed  as  a  percentage  of  capability. 
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The  final  step  in  this  dynamic  process  is  the  determination  of  the 
relative  importance  of  each  sub-element  within  a  level  of  the  hierarchy.  This 
is  called  weighting.  The  purpose  is  to  reflect  in  the  model  tne  reality  that 
not  all  needs  are  equal  and  not  all  contributions  by  the  elements  are  the  same 
Assigning  weights  depends  on  the  relative  influence  that  changes  in  the  per¬ 
formance  of  a  sub-element  have  on  the  performance  of  the  element  and  on  how 
the  sub-elements  combine  to  influence  the  performance  of  the  element.  If  the 
combination  rule  for  the  sub-elements  is  additive,  the  changes  in  the  sub- 
elements'  performance  should  be  weighted  and  normalized  to  the  sum  of  1.0.  If 
the  combination  rule  for  the  sub-elements  is  multiplicative,  a  rescaling 
constant  may  be  necessary  to  insure  that  the  resulting  value  for  the  element's 
performance  is  compatible  with  the  rest  of  the  model.  Ibis  is  where 
experience  and  expertise  come  into  use  to  refine  the  model. 

Once  the  model  has  been  developed,  it  must  be  validated.  There  are  two 
types  of  validation:  internal  and  external.  The  internal  validation  consists 
of  examining  the  variations  in  weights  to  determine  their  effects  on  the  model. 
A  mathematical  pair-wise  comparison  can  also  be  used  to  insure  consistency 
among  weighted  elements.  This  pair-wise  comparison  is  the  method  recommended 
by  Dr.  Saaty.1- 

Dr.  Saaty's  method  establishes  the  priorities  or  weights  of  elements  in  a 
decision  tree  by  comparing  the  elements  in  pairs  against  a  given  criterion. 
Bookkeeping  in  this  comparison  exercise  is  made  easier  by  using  a  matrix.  The 
elements  to  be  considered  are  arrayed  on  the  vertical  and  horizontal  axes  (see 
Figure  1)  and  then  given  numerical  values  to  compare  their  relative  importance 


Figure  1.  Element  Matrix 


to  each  other.  Hie  diagonal  comparison  has  a  numerical  value  of  one,  because 
the  elements  are  compared  to  each  other.  The  values  below  the  diagonal  are 
the  inverse  of  the  upper  half  values.  'Therefore,  only  the  upper  half  values 
need  to  be  considered. 

After  the  comparisons  have  been  made,  the  matrix  can  be  mathematically 
checked  for  consistency.  Dr.  Saaty's  method  measures  the  overall  consistency 

,  O 

of  the  judgments  by  means  of  a  consistency  ratio.  The  consistency  ratio 
(CR)  should  be  ten  percent  or  less.  If  it  is  more  than  ten  percent,  the 
judgments  should  be  revised.  The  method  involves  comparing  the  actual  proper 
weights  to  the  estimated  weights  in  the  pair-wise  comparison.-*  Let  a,  b,  c, 
d  .  .  .  n  be  the  actual  weights  and  let  (a/b) ,  (a/c) ,  (a/d)  .  .  .  (a/n)  be  the 
estimated  weights  in  the  pair-wise  comparison.  If  n=4  (weights  are  a,  b,  c, 
d) ,  then  consider  the  following: 

(a/a)  a  +  (a/b)b  +  (a/c)c  +  (a/d)d  =  4a 
(b/a)a  +  (b/b)b  +  (b/c)c  +  (b/d)d  *  4b 


The  remaining  two  equations  for  c  and  d  weights  are  similar.  The  ooject  then 
is  to  solve  for  a,b,c,d,  etc.  on  the  right  side  of  the  equation.  If  the 
solution  is  4  in  tnis  case,  then  the  weignting  scheme  is  consistent.  If  the 
numerical  value  of  the  left  side  of  the  equation  is  equal  to  the  numerical 
value  of  the  right  side,  then  the  weights  are  absolutely  consistent.  If  the 
left  side  is  greater  than  the  right  side,  then  some  inconsistency  exists.  Hie 
degree  of  inconsistency  can  also  be  compared  with  the  inconsistency  values  of 
a  random  number  weighting  scheme. 

If  a  set  of  random  numbers  were  inserted  into  the  matrix  in  Figure  1,  a 
consistency  number  can  be  determined  mathematically  and  is  dependent  on  the 
size  of  the  matrix.  Random  consistency  values  are  shown  below: 

Size  of  Matrix  123456789  10 

Consistency  0.00  0.00  0.58  0.90  1.12  1.24  1.32  1.41  1.45  1.49 

This  type  of  process  can  be  conputerized  and,  in  fact,  has  been  done  by  the 
Air  Force.  Their  system  was  used  to  generate  the  analysis  in  this  research 
project. 


L'1  A-l.' w  _ 


CHAPTER  II  (Paces  5-9) 
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CHAPTER  III 


MAA  AND  THE  ME -10 


The  KZ-10  was  purchased  to  provide  the  Air  Force  with  a  large  air 
refueling  tanker  aircraft  that  also  possesses  a  limited  outsized  cargo 
carrying  capability.  During  proposal  evaluation,  the  source  selection 
committee  was  hampered  by  not  knowing  how  the  airplane  was  to  be  employed. 

The  cormittee  did  some  trade-off  analyses  and  determined  that  the  airplane 
should  be  optimized  as  a  tanker,  with  cargo  carrying  as  a  secondary  role.  The 
best  proposal  was  the  McDonnell-Douglas  DC-10-30  convertible,  because  it 
offereu  the  best  offload  capability  and  the  lowest  acquisition  costs. 

The  KZ-10  possesses  unique  strengths  and  weaknesses  when  compared  with  the 
current  Strategic  Air  Command  (SAC)  tanker,  the  HC-135A.  This  study  explores 
the  contribution  of  the  KZ-10  to  deployment,  employment,  and  resupply  of  Air 
Fbrce  combat  forces.  The  analysis  tool  used  was  mission  area  analysis  (MAA) . 

As  explained  in  Chapter  II,  a  hierarchical  tree  was  developed  and  consists 
of  five  levels,  as  shown  in  Figure  2. 


KZ-10  MAA  Tree 


Level 

Description 

One 

HZ -10  contribution/capability 

Two 

Theaters  of  operations 

Three 

Types  of  operations 

Four 

Forces  to  be  supported 

Five 

HZ-10  performance  factors 

Figure  2.  HZ-10  MAA  Tree  Levels 


2a ch  level  will  be  described  and  analyzed  in  turn.  A  diagram  of  the  tree  is 
shown  in  Figure  3  on  page  13. 

Level  one,  KC-10  prioritization,  breaks  down  into  two  basic  areas — air 
refueling  and  cargo  carrying.  The  first  attempt  at  quantifying  these  two 
areas  led  to  eliminating  the  KZ-10's  cargo  carrying  capability  from  this 
analysis  because  the  Air  Force  does  not  possess  ground  support  material 
handling  systems  to  on  and  offload  routine  cargo  from  the  HI -10  and  other  wide 
body  comnercial  air  freighters  at  forward  tactical  operational  bases.  In 
addition  to  the  on-load/off-load  problem,  there  are  currently  no  airlift 
operation  plans  that  use  the  HI -10  solely  as  a  cargo  carrier.  Therefore,  the 
ability  to  conpare  the  HI -10 ' s  cargo  carrying  performance  against  a  valid 
requirement  does  not  exist  at  present.  Headquarters  Air  Force  staff  is 
addressing  this  deficiency  and  acquiring  additional  loading  equipment  of  the 
type  purchased  to  handle  the  Civil  Reserve  Air  Fleet.  The  first  level  in  the 
HI -10  tree,  therefore,  had  to  be  reduced  to  air  refueling  only. 

The  second  level  of  the  HI-10  MAA  tree  consists  of  the  theaters  of 
operational  use.  Different  theaters  of  operation  are  necessary  in  the 
analysis  model  because  air  refueling  requirements  differ  in  each  theater.  The 
theaters  in  the  model  were  chosen  because  they  are  most  representative  of  the 
global  warfighting  requirements  facing  the  Air  Force.  The  three  theaters 
selected  were  Europe  (NATO) ,  Southwest  Asia,  and  Korea  (Pacific) .  It  is 
assumed  that  conventional  warfare  is  taking  place  in  these  theaters  because 
the  HI-10  is  not  presently  capable  of  operating  in  a  nuclear  electro-magnetic 
pulse  environment.  The  KI-10  is  approximately  80  percent  common  with  the 
comnercial  DC-10  and  is  not  hardened  against  these  effects  of  a  nuclear 
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Figure  3.  Saaty  Weighting  Scheme 


explosion.  For  this  reason,  it  is  also  not  presently  included  in  the  Single 
Integrated  Operation  Plan  (SIOP)  for  waging  nuclear  war.  The  first  two  levels 
can  be  summarized  as  rC-10  air  refueling  contribution  in  three  representative 
theaters  of  operations. 

The  third  level  of  the  tree  represents  the  three  operating  modes  for  the 
fC-10 — deployment,  employment,  and  resupply.  Thus  far  the  model  examines  the 
KZ-10's  air  refueling  capability  in  three  theaters  and  in  three  modes  of 
operation. 

The  fourth  level  of  the  tree  is  comprised  of  the  types  of  receiver  aircraft 
and  forces  requiring  air  refueling.  In  order  to  limit  the  size  of  the 
analysis,  a  cross  section  of  receivers  and/or  forces  was  used.  The  Rapid 
Deployment  Force  (RDF)  represents  the  CONUS  based  fighter  forces  that  must  be 
deployed  to  the  three  theaters  of  operation.  Because  of  the  number  of 
different  types  of  aircraft,  three  fighters  representing  short,  medium,  and 
long  range  performance  capabilities  were  examined.  The  F-4  Phantom  variants 
are  shortest  ranged  because  of  their  high  fuel  consumption  engines.  Hie  F-15, 
with  conformal  fuel  tanks,  was  selected  as  the  medium  range  representative, 
and  the  F-lll  is  the  longest  ranged  fighter.  The  speed  of  the  computer  easily 
permits  other  cases  to  be  run,  but  they  would  not  provide  significant  insights 
into  the  capability  of  the  K2-10.  The  Strategic  Projection  Force  (SPF)  is  the 
B-52H  employed  in  a  conventional  war.  C-3  in  the  model  is  the  E-3A  advanced 
warning  and  control  system  (AWSCS) .  In  the  airlift  portion  of  the  model,  both 
the  C-5  and  C-141  air  refueling  requirements  were  examined.  These  four  levels 
describe  the  external  environment  in  which  the  fC-10  operates. 


The  fifth,  and  last,  level  (not  shown)  models  the  internal  characteristics 
of  the  aircraft.  This  level  has  undergone  the  most  change  during  the  several 
iterations  of  the  model.  The  changes  have  been  away  from  a  system-by-system 
model  to  one  that  considers  only  major  aircraft  systems,  such  as  airframe, 
engines,  avionics,  and  air  refueling  systems.  This  level  also  factors  in 
maintenance  requirements  in  the  form  of  sorties  per  day.  Because  wartime 
scenarios  are  being  considered,  the  12.5  flying  hours  per  day  surge  rate  is 
considered  the  limiting  factor.  The  total  force  of  68  aircraft  reflected  in 
the  current  Air  Force  planning  was  used  to  size  the  fC-10  fleet.  Weather 
factors  and  command  and  control  considerations  are  also  elements  of  this  level 
which  combine  to  form  the  sortie  availability  and  sortie  effectiveness 
elements  of  the  tree. 

As  discussed  in  Chapter  II,  the  next  step  in  building  a  hierarchical  tree 
is  weighting  the  various  elements  and  determining  how  they  should  be  combined. 
This  step  relies  on  experience  and  expert  opinion.  I  accomplished  the 
weighting  and  element  combination  problem  with  the  help  of  Headquarters  Air 
Force  personnel  and  by  using  my  own  SAC  tanker  planning  and  operations 
experience.  The  sum  of  the  node  weights  across  each  level  must  equal  1.00, 
and  in  the  Air  Force  MAA  process,  weighting  is  a  top-down  process.  The  Air 
Force  MAA  process  will  be  discussed  in  the  next  chapter. 

Beginning  at  the  top  of  the  IC-10  tree  in  Figure  3,  level  one  has  only  one 
node  and  gets  an  automatic  weight  of  1.0.  The  next  level  is  the  three 
theaters  and,  based  on  containment  of  the  USSR,  they  were  weighted  in  order  of 
priority— NATO,  Southwest  Asia,  and  Pacific.  The  main  criterion  for  levels 
three  and  four  was  that  maximum  benefit  from  air  refueling  received  the  highest 


weight.  Deployment  received  the  highest  weight  because  without  air  refueling, 
in  many  cases,  we  simply  cannot  get  there  from  here.  Gnployment  and  resupply 
weights  were  adjusted  depending  on  the  theater.  It  should  be  noted  that  the 
C-5  and  C-141  are  designed  to  operate  from  the  CONUS  to  NATO  bases  without  air 
refueling.  In  addition  to  assigning  weights  directly,  pair-wise  comparison 
was  also  made,  and  the  weighting  results  are  shown  in  Appendix  A.  The  weights 
were  assigned  using  a  Saaty  computer  program  developed  by  NDU  Decision  Systems 
Directorate.  The  results  are  shown  in  Figure  3.  The  first  number  is  the  node 
weight  and  the  second  number  is  the  overall  level  weight.  I  found  that  for 
this  simple  tree,  assigning  weights  at  each  node  was  easier  than  doing  a  pair¬ 
wise  conparison  and  trying  to  determine  how  much  more  important  one  element 
was  over  another. 

The  result  of  Figure  3  is fa  resource  allocation  tree  that  tells  how 
various  elements  conpete  for  air  refueling.  The  elements  with  the  highest 
number  at  each  level  would  receive  highest  priority.  The  Air  Force  Mission 
Area  Analysis  takes  into  account  importance,  force  size,  capability,  and  most 
significantly,  it  tells  what  contribution  the  RC-10  makes  in  meeting  air 
refueling  requirements. 


CHAPTER  IV 


AIR  FORCE  MAA:  AN  APPLICATION 

Office  of  Management  and  Budget  (OMB)  Circular  Number  109  requires  that 
the  cost  of  a  proposed  new  system  be  justified  based  on  the  contribution  it 
makes  to  mission  accomplishment.  In  order  to  comply  with  OMB  109,  a  method 
was  needed  to  quantify  the  current  capabilities  and  deficiencies,  and  a 
hierarchical  method  was  developed,  called  Mission  Area  Analysis  (MAA) .  In 
addition  to  OMB  109  requirements,  development  of  annual  Air  Force  Program 
Objective  Memorandum  required  a  logical  structure  to  handle  the  budget  alloca¬ 
tion  among  numerous  weapons  systems  and  support  elements. 

wartime  needs  drive  the  Planning,  Programing,  and  Budgeting  System  (PPBS) 
Clear  objectives  and  system  productivity  contributions  are  needed  to  make 
rational  decisions  which  allocate  resources  in  the  most  cost-effective  way. 

MAA  builds  an  Air  Force  warfighting  tree  by  examining  each  warfighting  element 
in  the  budget  to  measure  limitations  and  contributions  to  the  warfighting 
objectives  established  by  the  Defense  Guidance.  Hie  MAA  system  is  a 
corrputer -based  program  developed  by  the  Air  Force  with  the  assistance  of  Anser 
Corporation. 

The  IC-10  MAA  tree  shown  in  Appendix  B  was  developed  using  the  Air  Force 
MAA  computer-generated  analysis  and  simplified  for  use  in  this  analysis.  The 
tree  structure  is  the  same  as  the  one  described  in  Chapter  III,  but  the  weight 
ing  process  was  changed  from  a  Saaty  pair-wise  comparison  to  a  direct  process 
based  on  experience.  Only  four  levels  are  shown  on  the  computer  printout. 

The  fifth  level  is  sortie  capability. 


Sortie  capability  is  made  up  of  sorties  avaiiaoie  and  sortie  effective¬ 
ness.  Sorties  available  is  a  function  of  airframe  availability  and  sortie 


length.  The  current  Air  Force  oojective  is  to  purchase  63  KZ-lOs.  The 
aircraft  is  capable  of  flying  12.5  hours  per  day  for  short  periods.  In  my 
experience,  12.5  hours  per  day  can  be  achieved  only  under  conditions  of  very 
long  sortie  lengths.  However,  under  surge  conditions  and  with  highly  reliable 
systems,  ground  refueling  with  one  engine  running,  and  other  reduced  ground 
time  operating  procedures,  12.5  hours  per  day  could  allow  multiple  sorties  per 
day.  In  this  analysis,  the  equation  shown  in  Figure  4  was  used. 

Sorties  Available  =  12.5  x  68 

sortie  length 

Sortie  Length  =  average  sortie  by  type  of  receiver 
force  (SPF,  RDF,  C-3,  etc.)  in 
each  theater  of  operations. 

Figure  4.  Sortie  Capability 

Hie  equation  in  Figure  4  represents  the  maximum  capability  of  the  airplane  and 
must  be  reduced  to  a  realistic  level.  Hie  reduction  was  accomplished  using  a 
sortie  effectiveness  term. 

Sortie  effectiveness  is  expressed  as  a  percentage  and  is  comprised  of 
takeoff/landing  weather  restrictions,  en  route  reliability,  navigation  and 
rendezvous  reliability,  and  air  refueling  reliability.  Takeoff  and  landing 
restrictions  occur  in  varying  percentages,  depending  on  the  theater  of 
operations.  En  route  reliability  is  composed  of  engine  and  airframe  depend¬ 
ability.  Airframe  dependability  includes  avionics,  electrics,  pneumatics,  and 


nydrauiic  syscems.  The  dependability  percentage  is  a  Historical  number  cased 
on  actual  operational  data.  Air  refueling  reiiaDility  comprises  weather 
factors  and  air  refueling  syscems  performance.  Experience  nas  shown  that 
weather  in  the  air  refueling  areas  has  been  adequately  compensated  for  by  the 
flight  crews.  Therefore,  the  weather  factor  is  greater  than  99  percent  and 
was  assumed  in  this  analysis  not  to  degrade  air  refueling  operations.  Air 
refueling  systems  reliability  is  also  based  on  historical  operational  data. 

At  least  one  additional  sortie  effectiveness  factor  should  be  considered 
if  assessing  the  total  air  refueling  mission.  That  factor  is  command  and 
control.  In  this  analysis,  command  and  control  was  not  included  for  two 
reasons:  only  the  capability  of  the  K>10  is  being  evaluated,  and  command  and 
control  systems  are  only  about  50  percent  effective,  which  would  skew  the 
results  toward  an  unrealistically  low  value.  The  problem  with  the  command  and 
control  performance  values  is  that  if  a  mission  goes  exactly  as  planned,  or  if 
changes  are  made  early  enough  to  have  no  effect  on  the  actual  conduct  of  the 
mission,  the  command  and  control  system  is  rated  at  100  percent  effective. 
Mission  changes  that  do  not  reach  the  flight  crew  in  time  to  avoid  impacting 
the  mission  are  reflected  in  a  lower  command  and  control  performance. 
Historically,  50  percent  of  the  air  refueling  missions  are  flown  as  scheduled. 
The  50  percent  not  flown  as  scheduled  are  not  totally  ineffective;  they  merely 
are  not  flown  as  scheduled.  Therefore,  when  the  50  percent  command  and 
control  performance  is  added  to  the  sortie  effectiveness  factor,  the  analysis 
does  not  accurately  model  the  real  world  situation.  These  command  and  control 


problems  are  being  addressed  by  Headquarters  Air  Force  planners. 

-*> 


Sortie  effectiveness  factors  and  their  numerical  values  are  summarized 


below  in  Figure  5. 


Factor 

Value 

Takeoff  weather  restrictions 

NATO 
Pacific 
Southwest  Asia 

0.15 

0.01 

0.05 

Engine  reliability 

0.98 

Airframe  reliability 

0.96 

Navigation  and  Rendezvous 

0.99 

Air  Refueling  reliability 

0.99 

Figure  5.  Sortie  Effectiveness 

The  next  step  in  the  analysis  was  to  determine  the  fC-10  sorties  required 
to  support  various  types  of  forces  in  the  three  theaters  of  operations. 
Sorties  required  were  determined  with  the  aid  of  a  IC-10  computer  flight 
planning  model  used  by  Headquarters  Air  Force/Studies  and  Analysis.  An 
example  of  the  computer  product  is  shown  in  Appendix  C.  Hie  various  aircraft 
in  the  RDF  are  represented  as  short  range  (F-4  Phantom) ,  medium  range  (F-15 
Eagle) ,  and  long  range  (F-lll) .  The  SPF  is  represented  by  the  long  range 
B-52H,  C-3  is  the  E-3A  Sentry,  and  airlift  is  comprised  of  C-5  and  C-141  air¬ 
craft.  Hie  results  are  expressed  in  tankers  required  per  unit,  and  average 
tanker  sortie  length  for  each  operations  theater  and  are  shown  in  Figures  6, 
7,  and  8. 
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Deployment:  Tanker 

Support:  —  Southwest:  Asia 

Force 

Tankers/Unit 

Hours/Average  Tanker 

RDF  (Short) 

17/24 

5.50 

RDF  (Medium) 

11/24 

6.32 

RDF  (Long) 

11/24 

7.55 

C-3 

4/6 

3.10 

SPF 

2/12 

4.10 

A-L 

1/5.25 

7.80 

Figure  6. 

Southwest  Asia 

Deployment  Tanker  Support — NATO 

Force 

Tankers/Unit 

Hours/Average  Tanker 

PDF  (Short) 

9/24 

7.0 

RDF  (Medium) 

5/24 

10.14 

RDF  (Long) 

4/24 

9.3 

C-3 

2/6 

3.1 

SPF 

Not  req'd 

N/A 

A-L 

Not  req'd 

N/A 
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Figure  8.  Pacific 


In  using  the  83 -10  flight  plan,  the  tanxer  was  flown  either  out  of  che 
CONUS  and  returned  to  the  CONUS,  or  flown  out  of  a  normal  tanker  forward 
operating  base,  such  as  Hickam,  Hawaii,  Zaragoza,  Spain,  or  Athens,  Greece. 
This  procedure  may  have  caused  some  increased  flying  time,  but  kept  the 
tankers  more  readily  available  for  repeat  daily  operations. 

After  determining  the  tankers  required  per  unit  deployed,  a  typical  major 
force  effort  was  examined.  The  most  tanker -demanding  scenario  is  the  South¬ 
west  Asia  theater.  Deployment  and  resupply  involve  the  same  kinds  of  tanker 
operations  and  were  treated  as  the  same  in  this  analysis.  Because  of  the 
limited  number  of  HC-lOs  (68  aircraft) ,  83 -13 5s  would  be  deployed  to  augment 
the  HZ -10  and  would  most  likely  provide  the  bulk  of  the  employment  air  refuel¬ 
ing.  Diverting  83 -10  s  from  resupply  to  employment  would  probably  be  most 
feasible  after  the  sea  link  between  the  CONUS  and  the  Persian  Gulf  had  been 
established.  Replacing  the  H3-135  with  HC-lOs  during  the  employment  phase 
would  permit  some  EC-135s  to  return  to  strategic  nuclear  bomber  support,  but 
this  would  be  a  real-time  decision  that  is  not  suitable  for  advanced  analysis. 
Therefore,  only  an  analysis  of  the  deployment  problem  is  presented  here. 

While  only  the  Southwest  Asia  theater  deployment  is  examined,  the  procedures 
for  other  theaters  would  be  identical. 

The  fighting  force  shown  in  Figure  9  is  representative  of  the  kinds  of 
forces  that  we  would  likely  deploy  to  meet  a  major  threat  in  Southwest  Asia. 
The  tanker  forces  required  to  support  the  forces  shown  in  Figure  9  were 
obtained  from  Figure  6  on  page  21.  The  average  tanker  sortie  hours  were  also 
taken  from  Figure  6,  and  the  sortie  capability  values  were  calculated  using 
the  formula  in  Figure  4  on  page  18. 
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Southwest  Asia  Forcas  (Typical) 


Forces 
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96 

4 
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96 

4 

RDF  (Long) 

24 
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C-3 

6 

N/A 

SPF 

12 

1 

A-L 

110  per  day 

N/A 

Figure  9.  SWA  Combat  Forces 

To  insure  that  the  12.5  hours/day  utilizaton  rate  was  not  exceeded.  An  equiva¬ 
lent  tanker  value  was  calculated  to  account  for  being  able  to  fly  one  tanker 
on  multiple  sorties  per  24-hour  day.  The  equation  used  is  shown  below: 

Equivalent  Tankers  =  Required  Tankers  x  Average  Sortie  Length 

12.5 

A  maximum  of  68  equivalent  tankers  can  be  flown  per  24-hour  day  if  a  perfect 
corrmand  and  control  system  is  assumed  to  exist. 

K3-1Q  Force  Requirements  (Southwest  Asia) 


Forces 


Required  Tanker 
Sorties  per  Force 


Req'd  Equiva¬ 
lent  Tankers 


Available  Equiva-  Sorties 
lent  Tankers  Available 


For  deploying  to  Southwest  Asia,  the  sortie  capability  from  Figure  10,  snown 
above,  is  141  sorties.  With  the  sortie  effectiveness  factors  from  Figure  5 
applied,  the  capability  is  (141  x  0.376)  or  123.5  sorties. 

Hie  fC-10  refueling  MAA  tree  is  shown  on  pages  25  and  26.  The  original 
tree  included  sea  control,  but  a  well-defined  operations  plan  was  not  avail¬ 
able.  Sea  control  is  accomplished  by  B-52  aircraft  and  could  be  included  as 
part  of  the  SPF  for  air  refueling  purposes.  When  the  tree  was  modified  to 
eliminate  sea  control,  force  weights  were  evenly  redistributed  to  the  other 
elements  at  that  node.  This  redistribution  accounts  for  the  repeating  digit 
element  weights. 

The  column  on  the  tree  labeled  "Import"  (importance)  is  the  product  of 
that  element  weight  times  the  product  of  the  node  weights  above  it  in  the 
tree.  The  Southwest  Asia  (SWA)  theater  is  weighted  at  0.400.  Because  the 
node  above  SWA  is  weighted  at  1.00,  the  importance  of  SWA  is  0.400.  The 
importance  of  the  next  level  is  0.400  times  the  individual  element  weights. 

For  example,  SWA  Deploy  is  weighted  0.400,  and  Deploy  importance  is  0.400 
times  0.400,  or  0.16.  The  importance  of  the  next  level  elements  is  therefore 
0.16  times  the  element  weight.  For  example,  RDF  deploying  to  SWA  is  weighted 
0.333,  and  its  importance  is  0.0533.  The  remaining  two  columns  are  "CP" 
(capability)  and  "Need."  The  Need  column  is  sinply  importance  times  100,  to 
express  the  results  of  the  tree  in  a  percentage. 

Previous  calculations,  which  are  summarized  in  Figure  10  on  page  23, 
showed  that  all  68  IC-lOs  would  be  required  to  support  just  one  operation, 
i.e. ,  deployment  to  SWA.  Deployment  to  SWA  represents  a  need  factor  of  16, 
which  is  the  highest  operational  need  value  in  the  tree.  The  fC-10  is  capable 


of  providing  123  sorties,  wmch  is  25  sorties  short  of  wnat  is  required.  Time 
phasing,  or  augmentation  with  KC-135s,  would  be  necessary  to  complete  this 
operation.  Therefore,  the  capaoility  column  for  that,  node  would  show  less 
than  100  percent,  and  the  shortage  would  be  applied  to  the  element  with  the 
lowest  importance. 

From  this  initial  effort,  which  is  in  continual  need  of  refinement  and  up¬ 
dating,  it  is  easy  to  see  why  MftA  is  an  evolving  process.  But  I  was  able  to 
verify  the  original  K2-10  source  selection  committee's  decision  that  air  re¬ 
fueling  is  the  primary  mission,  and  it  appears  that  the  airplane  may  never  run 
out  of  air  refueling  work. 


CHAPTER  V 


<1 


CONCLUSION 

Mission  area  analysis/hierarchical  decision  tree  method  is  a  valuable 
management  decision  tool.  The  secret  of  success  as  a  decision  aid  lies  in  the 
method's  reliance  on  direct  input  from  the  commander /manager ,  rather  than 
being  developed  by  model  makers  as  mathematical  simulation  of  the  real  world. 
Mission  area  analysis  seems  ideally  suited  to  the  air  refueling  mission 
because  the  analysis  quantifies  the  air  refueling  contribution  in  combat  terms 
that  can  be  compared  directly  with  desired  goals. 

In  the  past,  combat  support  missions/  such  as  air  refueling  and  airlift, 
could  not  compete  effectively  for  an  appropriate  share  of  the  Air  Force  budget 
because  pounds  of  fuel  delivered,  or  ton-miles  of  cargo  hauled,  did  not  mean 
as  much  to  the  decisionmakers  as  did  speed,  range,  turn  radius,  bomb  load,  and 
number  of  targets  destroyed.  By  using  mission  area  analysis,  air  refueling 
can  be  evaluated  for  its  contribution  to  combat  effectiveness. 

I  found  the  method  to  be  simple  in  its  philosophy  and  complex  in  its 
execution.  A  computer  program  is  advisable  to  handle  the  analysis  if  the 
decision  is  not  almost  "intuitively  obvious."  In  other  words,  what  I  thought 
looked  relatively  easy,  turned  out  to  be  very  difficult,  and  I  had  to  reduce 
the  scope  of  the  objectives  for  this  research  project. 

The  analysis  proved  the  IC-10  to  be  capable  of  providing  sufficient  air 
refueling  to  deploy  forces  anywhere  in  the  world.  It  appears  that  a  68- 
airplane  fC-10  air  refueling  force  is  the  minium  needed  to  handle  significant 
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deployments.  Our  command  and  control  system  must  be  strengthened  co  exploit 
fully  the  capabilities  of  the  Id -10.  This  project  only  scratched  the  surface 
on  this  subject,  and  follow-on  studies  are  recommended. 
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